I discuss how an extra light scalar meson multiplet could be understood as an effective Higgs nonet of a hidden local U (3) symmetry. There is growing evidence that low energy data requires in addition to a conventional 3 P 0q q nonet near 1.4 GeV, another light scalar nonet-like structure below 1 GeV, (σ(600), a 0 (980), f 0 (980), κ), which could be interpreted as such a Higgs nonet.
i.e., 18 scalar states in all. The latter nonet should have large 4-quark and meson-meson components. There is a heated current debate as to whether the σ and especially the κ really are true resonances or just due to very strong attractions in the ππ and Kπ channels. Here we do not want to enter into this debate, we shall only assume that one can approximately model these effects by effective fields. We discussed this with Close in in more detail in a recent review [2] .
The σ is sometimes called a Higgs boson of strong interactions since in a simple NJL model and in a linear sigma model the σ acts like a Higgs giving the constituent u and d quarks most of their mass, and one has the celebrated Nambu relation m σ = 2m const u . But, in such models one generally breaks only a global symmetry spontaneously. For a true analogy with the Higgs mechanism one should have a local symmetry which is broken spontaneously or dynamically. Can one construct [3] such a model?
I shall argue that two coupled linear sigma models may provide a first step for an understanding of this and of such a proliferation of 18 light scalar states. After gauging a hidden U(3) symmetry one can then look at the lightest scalars as Higgs-like bosons for the nonperturbative low energy strong interactions.
Let me first remind the reader of the simple U(N f ) × U(N f ) linear sigma model [4] which includes one scalar and one pseudoscalar multiplet. As well known this agrees with chiral perturbation theory at the lowest order in p 2 [5] , but includes explicit scalars. The scalar nonet is put into the hermitian part of a 3 × 3 matrix Φ and the pseudoscalar nonet into the anti-hermitian part of Φ. One has Φ = S + iP =
where λ a are the Gell-Mann matrices, and
where λ ′ is a small parameter compared to λ (which breaks the scalar singlet mass from that of the octet) and where L SB contains a flavor symmetry breaking term ∝Tr( MeV, and a very broad κ near 1120 MeV [6] ). This is quite reasonable considering that unitarizing a similar model can, and in fact and does [7] , shift these states in the second sheet by hundreds of MeV. The essential features we recall here is that neglecting the U A (1)
term one has, after a shift to the minimum Φ → Φ + v1 (where
nearly massless pseudoscalar nonet of squared mass of O(m q ) and a massive scalar nonet of
Now, for two scalar nonets in a chiral model we need two such 3 × 3 matrices Φ andΦ.
(Let the scalarstates above 1 GeV be in Φ, and let those below 1 GeV be inΦ). Then model both Φ andΦ by a gauged linear sigma model, but with different sets of parameters (µ 2 , λ ) and (μ 2 ,λ). For Φ without any symmetry breaking nor a λ ′ term we have simply
and similarly forΦ:
Neglect to begin with the gauging. We have doubled the spectrum and initially we have two scalar, and two pseudoscalar multiplets, altogether 36 states for three flavors.
These lagrangians are invariant under a global symmetry: Φ → HΦU andΦ → HΦU, where U and H are independent U(3) = SU(3) × U(1) transformations. If there were no coupling between Φ andΦ the symmetry would be even larger as the U(3) transformations on Φ could be independent of those onΦ. We refer to that symmetry as the relative symmetry.
But, it is natural to introduce a small coupling [8] ) between the two sets of multiplets, which breaks this relative symmetry [3] .
The full effective Lagrangian for both Φ andΦ thus becomes,
If Φ a is interpreted asandΦ a asstates then the ǫ 2 term would allow for→transitions [9] . This Lagrangian is still invariant under the above U(3) × U(3) symmetry,
but not under the relative symmetry when Φ is transformed differently fromΦ.
Now as a crucial assumption (differently from [8] ), let both Φ andΦ have vacuum ex-
vanish all pseudoscalars would be massless, but with ǫ = 0 the 2 × 2 submatrix between two pseudoscalars with same flavor becomes:
which is diagonalized by a rotation θ = arctan(v/v), such that the eigenvalues are 0 and In order that this should have anything to do with reality, one must of course get rid of the massless Goldstones. By gauging the overall symmetry in the usual way (
and reparameterizing the fields This mechanism has of course similarities to the original Yang-Mills theory and the work of Bando et al. [10] on hidden local symmetries, in that the vector mesons are gauge bosons, but is still very different both in the scalar particle spectrum and in the realization of the hidden symmetry. The vector to two pseudoscalar couplings (V P P ) can be read off from the lagrangian g/4Tr(λ a λ b λ c ) − A µ,a π b ∂ µ π c , giving e.g. g ρ + →π + π 0 = g. (Here the mixing angle θ does not enter, since Φ andΦ together contribute a factor c 2 + s 2 = 1). Other trilinear couplings also follow, in particular for scalar to 2 pseudoscalar couplings (SP P ) one has:
Now, having gauged away the massless Goldstones one can interpret the massive pseudoscalars as the physical pseudoscalars. The would-be axial current related to the overall hidden symmetry is like theπ gauged away, while the explicitly broken relative symmetry defines a current which is only "partially conserved" when ǫ differs from 0. Denoting the axial vector current obtained from L(Φ) by j Aµ,a = √ N f v∂ µ p a + ... and the one fromL(Φ)
byĵ Aµ = √ N fv ∂ µpa + ..., then both currents would before gauging be conserved if ǫ = 0, because of the masslessness of both 0 − nonets. Adding the ǫ term the sum j Aµ +ĵ Aµ would still be exactly conserved, because of the H symmetry and since it would be ∝ ∂ µπ , but this current is like theπ gauged away. On the other hand j Aµ,a orĵ Aµ,a alone is only "partially
π π a , because the ǫ 2 term explicitly breaks the relative symmetry when the π nonet obtains mass. Identifying this with PCAC one has
Comparing this with the conventional relation m 2 π = 2Bm q , wherem q is the average chiral quark mass one sees that ǫ 2 should be proportional tom q . In fact a natural way to break flavor symmetry is obtained by replacing
which still conserves the hidden symmetry H, but breaks explicitly the SU(3) of the U symmetry (Φ → HΦU,Φ → HΦU). Then the v1 andv1 will be replaced by a diagonal matrix with elements v iī which includes corrections due to unequal quark masses and satisfy (1) would here be replaced by ∝ det ΦΦ + h.c.) From the fact thatμ < µ and that the SP P couplings of the lower multiplet should be larger than the heavier one expects, in fact, thatv iī < v iī or tan θ i > 1, but it is crucial that both v iī = 0, andv iī = 0.
The main prediction of this scheme is that one have doubled the light scalar meson spectrum, as seems to be experimentally the case. Of course in order to make any detailed comparison with experiment one must include loops and unitarize the model, which is not a simple matter as the couplings are very large.
The dichotomic role of the pions in conventional models, as being at the same time both the Goldstone bosons and thepseudoscalars, is here resolved in a particularly simple way:
One has originally two Goldstone-like pions, out of which only one remains in the spectrum, and which is a particular linear combination of the two original pseudoscalar fields.
Both of the two scalar multiplets remain as physical states and one of these (formed by the σ(600) and the a 0 (980) in the case of two flavors), or the σ, a 0 (980), f 0 (980) and the κ in the case of three flavors can then be looked upon as effectively a Higgs multiplet of strong nonperturbative interactions when a hidden local symmetry is spontaneously broken.
One may ask is there any other source for the symmetry breaking term (11) , except for the chiral quark masses put in by hand? The Syracuse group [8] argues for instanton effects.
Another way of reasoning is that with quarks and quark loops there would be anomalous couplings AV V for each flavor [11] . Anomaly related loops (like P → V V → P ) could then be another source of the symmetry breaking.
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